Investigation of quasar emission line properties and relationships between spectral parameters is important for understanding the physical mechanisms that originate inside different regions of the active galactic nuclei. In this paper, we investigate the optical spectral parameters of type 1 quasars taken from the Sloan Digital Sky Survey Data Release 7 Quasar Catalog (Shen et al., 2011) . Spectral parameters, such are equivalent widths and full widths at half maximum of both narrow and broad lines are taken into account. We perform the analysis of correlation matrix and principal component analysis of our sample. We obtain that the narrow line Baldwin effect is significant enough and deserves further investigation. We provide the correlation coefficients and slope values for Baldwin effect in several narrow lines.
Introduction
Active galactic nuclei (AGN) or quasars are extremely bright objects with rapidly accreting supermassive black hole at their center. They exhibit a wide range of spectral characteristics, which can give us valuable information about the physical conditions in these extreme environments. Large surveys of quasars showed that there are some correlations between their spectral parameters. Most notable correlations are anti-correlation between [O III] and optical Fe II line strength, as well as the anti-correlation between full width at half maximum (FWHM) of broad Hβ line and ratio of optical Fe II line and broad Hβ line equivalent widths (R Fe II ). These correlations were investigated using principal component analysis (PCA) and represented in the parameter space known as Eigenvector 1 (see e.g. Sulentic et al., 2000b) . In addition to the Eigenvector 1 correlations, the strength of some spectral lines appears to decrease with luminosity of the underlying continuum. This trend was first detected in C IV line and is known as the Baldwin effect (Baldwin, 1977) .
There is distinction between the Baldwin effect for narrow and broad emission lines because these lines are associated with different regions of AGN with different geometrical and dynamical properties. In case of broad emission lines, it has been studied in great detail (see e.g Dietrich et al., 2002; Shields, 2007; Bian et al., 2012) , but its physical origin is still a matter of debate (see e.g. Rakić et al., 2017) . One possible explanation for Baldwin effect that is associated with broad emission lines, is that the continuum shape is luminosity-dependent, in a way that more luminous objects have softer UV/X-ray spectra and this results in reduced ionization and photoelectric heating in the broad line region (BLR) gas (e.g. Boroson & Green, 1992; Korista et al., 1998) . The narrow line Baldwin effect is still not entirely understood (Shields, 2007) , and has been studied by several authors in the past. For example, Kovačević et al. (2010) did a careful spectral measurement of a sample of ∼300 AGN and noticed a strong anticorrelation between the narrow Hβ and [O III] lines with continuum luminosity, with the correlation coefficients of -0.36 and -0.43, respectively. The explanation of the effect could be due to different scale of narrow line region (NLR) compared to the BLR, or due to the extinction of the continuum luminosity by dust located between the BLR and NLR (e.g. Heard & Gaskell, 2016) , or due to some other factors that also need to be taken into account (for more details see Boroson & Green, 1992; McIntosh et al., 1999; Croom et al., 2002; Dietrich et al., 2002; Netzer et al., 2004 Netzer et al., , 2006 Zhang et al., 2013; Shields, 2007) .
The Sloan Digital Sky Survey (SDSS) quasars were previously investigated for the Baldwin effect in narrow lines by Zhang et al. (2013) , who studied a large sample of broad-line (i.e. type 1), radio-quiet AGN taken from SDSS Data Release 4. They found that narrow lines show a similar Baldwin effect with slope value of approximately -0.2, which could be explained with the combination of continuum variation and a lognormal distribution of the luminosity. In addition they show that there is no evidence for a relationship between Baldwin effect slope and ionization potential of the narrow lines (Zhang et al., 2013) . However, in their analysis they did not consider the host galaxy starlight contamination, which overestimates continuum luminosity, especially for low luminosity quasars (e.g. Bentz et al., 2006; Shen et al., 2011) , which is resulting in steeper Baldwin effect slope.
In this paper, we report the results of our analysis based on the correlation matrices and PCA on a sample of type 1 quasars taken from the SDSS Data Release 7 (SDSS DR7) quasar catalog (Shen et al., 2011) , with a special focus on the narrow line Baldwin effect, which was not investigated before in case of this catalog.
Data Reduction and Analysis
We use the measured spectral line properties of the SDSS quasars from Shen et al. (2011) catalog, and we select our sample putting the following constraints: the signal to noise ratio S/N > 10 and redshift z < 0.39. The higher S/N ratio was set in order to have more precisely measured quantities (Shen et al., 2011) To analyze the correlations between quasar optical spectral parameters, we constructed a correlation matrix of our sample using Spearman correlation coefficients. The correlation matrix served as a useful tool for the selection of parameters later for PCA, but also for the analysis of correlation coefficients separately from the PCA results.
PCA is sometimes considered to be an unsupervised machine learning algorithm, because it can be used on unlabeled datasets, i.e. it can be applied even if we don't have a target variable that we want to predict (for more details on PCA see e.g. Boroson & Green, 1992; Francis & Wills, 1999; Grupe, 2004) .
In this work, the PCA was applied using the scikit-learn Python library where dimensionality reduction is conducted using Singular Value Decomposition of the data to project it to a lower dimensional space. In this way, only a few components are needed to completely describe total variance in our dataset and each component is representation of the dominant trends in the data.
To calculate the Baldwin effect slope, we performed linear regression for each narrow emission line in our sample. For further analysis of the Baldwin effect, the continuum luminosity was divided onto 9 bins of length 0.2 dex, starting from log L 5100 = 43.75 and ending with log L 5100 = 45.55. The last bin was excluded from the analysis because it contained only one object and it was not representative enough to be taken into account. Finally, to test the effect of the starlight contamination on the Baldwin effect, we corrected the continuum luminosity using the empirical fitting formula of the average host contamination given in Shen et al. (2011) , see their Eq. 1, and obtained the pure continuum luminosity of the quasar. The luminosity at 5100Å has been corrected up to log L 5100 < 45.053, since above this value no correction is needed. Fig. 1 gives the correlation matrix of all spectral parameters in our sample of type 1 quasars. The most evident result is the presence of correlations between parameters which populate Eigenvector 1 (E1) parameter space, which was well established and investigated previously (for a review see Sulentic et al., 2000a) : the anti-correlations between the [O III] equivalent width and the Fe II strength R FeII (r = −0.49), and the FWHM of broad Hβ line and R FeII (r = −0.29). The strongest correlations are found between the equivalent widths of broad Hα and Hβ lines (r = 0.89) as well as between their narrow components (r = 0.68), which is an expected result.
Results and Discussion
However, the matrix clearly reveals the apparent anti-correlation between continuum luminosity at 5100Å and equivalent widths of several narrow lines, which include: The results of the PCA, which are presented in Fig. 2 , are also indicating the presence of these anti-correlations. Furthermore, PCA suggests that this is the dominant trend in our data sample because the relationship between continuum luminosity and narrow line equivalent widths is represented with the first principal component (PC 1). PC 1 explains 31% of the variance in our data sample. The second principal component (PC 2) is dominated by the anti-correlation between R FeII and FWHM of broad Hβ (Sulentic et al., 2000b) and anti-correlation between R FeII and [O III] λ5007 (discovered by Boroson & Green, 1992) . One Baron & Ménard (2019) . The summary of correlation coefficients with p-values of the null hypothesis for all narrow lines, along with the values of slopes obtained from linear regression is given in Table 1 . These values are also presented on Fig. 3 . Table 1 also lists the ionization energy and critical density in case of forbidden lines. The strongest Baldwin effect appears to be associated with [N II] and [S II] lines, however the p-values suggests that these anti-correlations are significant in all narrow lines. The Baldwin effect of the Hα and Hβ lines shows the lowest correlation with the smallest significance.
We find that the slope for [O III] and Hα are in agreement with the findings of Zhang et al. (2013) , however, for [N II] and [S II] lines the slope is is much steeper (β = −0.41 and β = −0.38, respectively) than previously reported by Zhang et al. (2013) , who received the value of β = −0.10 and β = −0.20. This could be the result of the selection effect, since our sample contains low-redshift objects, and both radio loud and radio quiet objects.
In order to quickly test if the Baldwin effect slope for narrow lines depends on the ionization potential or critical density of the lines, which was noticed to be relevant in case of the broad line Baldwin effect (e.g., Espey & Andreadis, 1999; Dietrich et al., 2002) , we plotted those dependencies in Fig. 4 , and compared our results with the data obtained from previous studies of narrow line Baldwin effect (Zhang et al., 2013; Keremedjiev et al., 2009; Dietrich et al., 2002) . The p-values of the null hypothesis of correlations in question indicate that there is no significant correlation between Baldwin effect slopes and ionization potential (P 0 = 0.87), and no correlation between Baldwin effect slopes and line critical densities (P 0 = 0.17) for narrow lines. This is in agreement with findings of Zhang et al. (2013) .
Furthermore, we selected from our sample a sub-sample of 405 radio-loud quasars based on detection by the FIRST survey (both lobe-and core-dominated objects are included), and a sub-sample of 1,694 radio-quiet quasars, for which the FIRST survey reported no radio emission. Preliminary results of this analysis indicate that narrow line Baldwin effect slopes are steeper for radio-loud than for radio-quiet quasars. In the case of radio-loud quasars [O III] λ5007 line has a slope (β) of -0.36, correlation coefficient (r) is -0.24 and p-value of the null hypothesis (P 0 ) is 7.48E-07. On the other hand, in the case of radio-quiet quasars the same line has β = -0.20, r = -0.14 and P 0 = 2.06E-08. For the [N II] λ6583 line the results also differ substantially, such that we have for radio-loud sample β = -0.56, r = -0.35 and P 0 = 4.85E-13 and for radio-quiet β = -0.41, r = -0.19 and P 0 = 3.02E-15. The difference that appears in these two sub-samples may originate from the fact that in radio-loud quasars the narrow line emission may be enhanced by the jet-ISM interaction (Labiano, 2008) and also the continuum emission can be enhanced as the result of relativistic beaming. [NII]
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Conclusions
In this paper, we reported the results of the analysis performed on the sample of 2,224 low-redshift (z < 0.39) quasars from SDSS quasar catalog by Shen et al. (2011) , for which we constructed the correlation matrix and applied the PCA on their optical spectral parameters. From our results, we came to the following conclusions: (i) we confirmed the Eigenvector 1 parameter space correlations for our data sample; ii) the Baldwin effect is present in all studied narrow lines, but with different slopes; iii) the slopes and correlation coefficients indicate that the Baldwin effect is the strongest for [N II] λ6585 and [S II] λλ6718, 6732 lines, whereas in the case of the Hα and Hβ lines it shows the lowest correlation with the smallest significance; iv) ionization energies needed to create the ions and critical densities of the narrow lines have no correlation with Baldwin effect slopes for narrow lines; and v) the host galaxy contamination of the continuum luminosity is steepening the Baldwin effect, but even with the corrected luminosity, the Baldwin effect remains in all narrow lines. Future investigation should be done to test if the continuum variation could be an explanation of the Baldwin effect as suggested by Zhang et al. (2013) .
